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Abstract 
 
The nodular cast irons are characterized by high mechanical properties compared to cast iron with lamellar graphite or vermicular 
graphite. The ductile iron has already been the subject of many studies especially since the literature is rich on them, and sources of 
information are different. The fact is that the mechanical properties of nodular cast iron (FGS) depend on the number of graphite 
grains, their roundness, the solidification rate and nature of the matrix [3]. Many studies of nodular cast irons showed that the more 
spherical particles of graphite, the higher the mechanical properties are high. In gray cast irons, the graphite spheroids have anti-
cracking and give the ductile iron ductility. Note in this connection that the higher the number of graphite grains, the higher the 
ductile iron has better mechanical properties. In cast iron, the nature of the matrix is depending on several parameters including the 
cooling rate of molten metal, the thickness, shape and dimensions of parts. The faster cooling is slow over rate of ferrite is important 
[3, 4]. In this paper, we tested three types of sand casting: sand –based sodium silicate, furan resin and green sand on samples 
spherical graphite cast iron of different thickness. The objective in this article is to determine the number of grains of graphite and 
ferrite for each type of sand casting under the same experimental conditions including the cooling rate and chemical composition of 
the liquid metal.  
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1. Introduction 
 
Ductile iron parts were interesting in service since 1948 and are 
an alternative for malleable iron castings and steel castings. The 
ductile iron, in many cases gives better results in service and very 
often at low cost production. The almost spherical form of graphite 
suppresses the effects of crack as opposed to graphite plates which 
act as points of stress concentration [3, 4]. Thanks to its miraculous 
properties in servive, the ductile iron has made extraordinary 
breakthroughs in the market for castings. Many studies have shown 
that the ductile iron has a high percentage of graphite nodules in 
their structure and their mechanical properties are determined 
largely by their matrix. Generally the control of the mechanical 
properties of FGS is reflected by the use of matrix name to describe 
these various types of fonts. During their development, a slow 
cooling around the eutectoid temperature with a high silicon content  
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result in a ferritic matrix largely. However, according Lietaert a 
completely ferritic structure is not feasible to cast state especially in 
castings in green sand [2,4]. However, areas at the end of 
solidification, low Si and Mn-rich, favor the formation of perlite. 
However, increasing the silicon content provides a structure almost 
fully ferritic by cons content beyond 3.3% weakens the ferrite and 
contributes to the weakening mechanical properties of ductile iron 
[2]. Many studies have shown that the rate of ferrite depends on the 
chemical composition of the liquid metal, the cooling rate and 
inoculation technique melting. In ductile iron, the increase in the 
number of spheroidal graphite grains increases the tensile strength 
and ductility, reduce micro segregation of elements, reducing the 
tendency to the formation of cementite, reduce maximum removal 
of metal during solidification and increase the rate of ferrite.  
The current trend in many fields including automobile 
mechanical parts is the use of increasingly thin ductile iron for 
economic, technical and even green. For example, the increasing 
use of vehicles over the past three decades has created de facto high 
emissions of CO2 by 25%. These emissions affect the air quality, 
and contribute to the greenhouse effect. In order to reduce CO2 
emissions, many studies have been undertaken in recent years the 
effect of developing vehicles ever lighter consuming less fuel up 
3liters / 100 km. To this end, the designers of newer vehicles 
moving towards the realization of light vehicles from parts nodular 
cast iron becoming thinner to reduce weight. Technical tests on the 
car showed that reducing the mass of a vehicle of 100 kg allows a 
fuel saving of about 0.5 liter per 100 km [3]. In the practice of 
casting, the wall thickness of nodular cast iron 5 mm or more are 
generally easy to produce without embitterment or high hardness. 
For cons, the thin parts are often difficult to achieve where the 
frequent use of an additional thermal annealing treatment to 
maximize their ductility and toughness at low temperatures. Studies 
on the nodular cast iron also showed that over the walls of the room 
are thin greater loss of temperature resulting in a high probability of 
default risk  fragilisation [3, 4].  
The main objective of this paper is to determine the influence of 
type of molding sand (sand resin furan sand silicate of soda and 
green sand) on the number of graphite grains and the rate ferrite for 
different thicknesses of the parts. 
 
 
 
Fig. 1. Influence of technological parameters on the number of 
grains of graphite in ductile iron 
2. Influence of technological parameters 
on the number of grains of spheroidal 
graphite 
 
The Figure 1 shows the various parameters that have a direct 
influence on the number of graphite grains in the metallographic 
structure of the nodular cast iron [1].  
 
 
3. Experimental  
 
 As part of this article, we proceeded to carry out three types of 
molds differentiating between them by the nature of their sand casting:  
- Green sand - sand furan resin - sand sodium silicate cured with 
carbon dioxide. The sand used in our study differs from each other by 
their chemical composition, their thermophysical parameters (thermal 
conductivity and diffusivity that is their cooling power). It is 
noteworthy that these three types of sand are commonly used in the 
foundry of Tiaret in the realization of castings for various uses. 
Samples in ductile iron used in this study were developed in oven at 
medium frequency induction Smelter Tiaret (Algeria) and sunk after 
inoculation and spheroidization in different molds studied. After 
polishing treatment and Nital attack, the samples were observed under 
an optical microscope brand NEOPHOT Laboratory Smelter Tiaret. 
The analysis conducted in this study focused on counting the 
grains of graphite and the ferrite. Note to that effect in each type 
of mold in question, we conducted more than 10 cast for each 
sample thickness to better identify the problem, the object of 
study. The thicknesses of the samples studied are 2, 2.5, 3, 3.5, 4 
and 4.5.   
The values found in this study represent the average values 
of different tests.  
 
 
4. Experimental results 
 
4.1. Number of grains of graphite 
 
Table 1 shows the number of graphite grains per mm
2 of the 
sample for the three types of mold and for different thicknesses. 
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Table 1.  
Number of graphite grains per mm
2 for the three types of mold 
for different thicknesses of the sample 
Type of sand 
molding 
 
Thickness parts,mm  Number grain of 
graphite/mm
2 
2.0 2700 
2.5 2500 
3.0 1800 
3.5 1500 
4.0 1100 
Sanded sodium 
silicate 
4.5 800 
2.0 2200 
2.5 2000 
3.0 1600 
3.5 1400 
4.0 1000 
 Sand furan resin 
4.5 600 
2.0 2000 
2.5 1800 
3.0 1400 
3.5 1150 
4.0 900 
Green sand 
4.5 500 
 
The results in Table 1 are represented by the curves of Figure 2. 
 
 
Fig. 2. Number of grains of graphite by mm
2 of th 
sample by type of molding sand and different thicknesses 
of the sample 
 
 
4.2 Rate of Ferrite  
 
Table 2 shows the percentage rate of ferrite in the microstructure 
of castings according to the type of mold and the sample thickness  
 
Table 2.  
Ferrite by mm
2 of the sample according to the type of 
mold and the thickness of the sample 
Type of sand 
molding 
 
Thickness parts,mm  ferrite by mm
2,% 
2.0 18 
2.5 30 
3.0 35 
3.5 48 
4.0 55 
Sanded 
sodium 
silicate 
4.5 58 
2.0 14 
2.5 25 
3.0 28 
3.5 45 
4.0 50 
Sand furan 
resin 
4.5 52 
2.0 10 
2.5 21 
3.0 25 
3.5 30 
4.0 45 
Green sand 
4.5 48 
The results shown in the table above are represented by 
the curves of Figure 3. 
 
 
Fig. 3. Ferrite by mm
2 of the sample according to the 
type of mold and the thickness of the sample 
 
 
5. Interpretation of results 
 
- Experimental results shown in Table 1 clearly that the 
number of graphite grains differs depending on the nature of 
molding sand. 
- Table 1 show that the three types of molding sand studied, 
the number of graphite grains decreases as the thickness of the  
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sample increases. 
- For a given thickness of the sample, the number of graphite 
grains varies with the type of mold. For example, to a thickness of 
2 mm from the sample, the number of graphite grains decreases  
from 2700 for sand silicate of soda to 2200 for sand and furan 
resin to 2000 for green sand. 
- Table 1 shows that for the same sand casting, the number of 
grains of graphite decreases more than 60% when the thickness 
double and this for all types of molding sand. 
- The results in table 2 show that in the three types of molding 
sand studied, the ferrite content increases with increasing 
thickness of the sample. 
- For the same sample thickness (eg 2 mm), the ferrite is 18% 
for the sample made from sand containing sodium silicate, 14% 
for the sample made from the sand furan resin and 10% for the 
sample made from the green sand. 
- The variation of ferrite content is less important for large 
thickness of the samples than in large especially in the case of 
molds made from resin furan and green sand.  
 
 
6. Conclusions 
 
Based on the results obtained in our different experiments, we 
can make the following remarks: 
1- The number of grains of graphite increases when the 
thickness of parts decreases, what even the type of sand used. 
2- The number of graphite grains in the same experimental 
conditions, varies in descending order of samples made from 
molding sand containing sodium silicate, furan resin and green sand. 
3- Varying the number of graphite grains is more important for 
thin samples than in large especially for thickness below 2,5 mm. 
4- The number of grains of graphite and their roundless depend 
among other technology of inoculation and spheroidization. 
5- The ferrite in the sample increases with increasing thickness, 
whatever the type of molding sand used. 
6- The ferrite in the sample decreases after that uses sand 
casting silicate of soda, furan resin and green sand. 
7- The number of grains of graphite and ferrite is largely a 
function of the cooling rate of molten metal and sand 
thermophysical parameters (thermal conductivity and diffusivity). 
8- Compared to the good results obtained by the use of foundry 
sand containing sodium silicate and furan resin, the green sand is 
still often used in casting the light of its low cost and low 
environmental impact  
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